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Abstract--The paper displays a single objective: toshow the emergence of symmetries as a universal, 
archetypal, self-organizing phenomenon which originates in an infinite number of forms all having the 
same trihedral innate structure. These forms have been g nerated bythe use of a single-type, fight- 
handed element containing three spatial dimensions plus one temporal dimension. 
At an exhibition at the Waterloo School of Architecture in March 1984, a single element was 
used as a building block to generate all of the various forms displayed--on a flat plane, as low 
and high reliefs, and structures in space[l]. The theme of the exhibition was "A Doctrine of 
One," for it was constructed using one type of element, and manifested various symmetries-- 
rotational, translational and combinations of both as the only one ordering concept[2] (see 
Fig. 1). 
The concept of "one" is an essential idea of the elective course Arch. 194, Interdisciplinary 
Language[3]. The course engages tudents in the theory and practice of visual literacy based 
on formative processes, hierarchies and natural order (nature plus man)[4,5]. The emphasis is 
on the domestication of time, an issue of importance in understanding form[6]; in this case, in 
making the element hat would grow in various forms exhibiting symmetries[7,8]. 
I am most grateful to the following: The UW Social Sciences and Humanities Research 
Council Grant Committee, the Dean, EE.S. and the Director, School f Architecture, for the 
continuous upport; Mrs. Kathleen Close for typing; Edward Chrzanowski for assistance with 
the movie and BYU graphics package; and Alison Brooks for editing. Without the advice, help 
and enthusiasm from my teachers, friends, and colleagues and authors on this continent and in 
my homeland (Latvia), there would be no addiction to the search for the new alchemy (to tame 
time) and, the subsequent witness of the marriage between time and symmetry[9-11]. 
INTRODUCTION 
The following material was prepared in a school of architecture. Therefore, as in archi- 
tecture, where the centre of investigation is form in space-time, the essence of this inquiry also 
is the genesis of visual form possessing the language of symmetry[12]. 
The organizing principles adopted in this exercise are economics, ecology and ecoethics. 
The ultimate conomy is achieved using the dictum "with the minimum to gain the max- 
imum." Only one type of element is used; the number of possible forms generated by the use 
of this element is infinite. 
Ecology (oikos, Gr., home) has been practised since the beginning. Man used to cooperate 
with nature while not knowing it. On a hot midday one rested in the shade of a tree; a house 
was cool, surrounded by trees planted by man. No definition for "natural order" was needed; 
it was lived. "Nature's order" was and still is unknown. In rare moments a poet, a scientist 
or an artist can get a glimpse of it. In this project he cooperation with nature is conceived by 
inviting real time to participate in the form-generating process, thus achieving an infinite number 
of solutions differing not only in size but also in kind[13]. 
Ecoethics advises me to let the element that has been mentioned become what it wants to 
be. Thus it is my obligation in the processes of individuation and of coding the nature of the 
element to find the ways in which it tends to connect and interrelate with additional elements. 
The surprise and astonishment at the end of each separate investigation is the same: the discovery 
that the elements prefer to be arranged into orders of various symmetries, except bilateral 
symmetries. 
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Fig. 1. A part of the exhibition "A Doctrine of One," March 1984, at the Waterloo School of Architecture. 
All three principles are synchronous: man practising ecoethics--himself part of nature-- 
cooperates with nature using the most economical means. 
FORM FOLLOWS PROCESS 
It has been said today in many ways, that to understand something is to understand its 
evolution in history--the development i  space-time of the previously unknown event or unseen 
image[14]. In the search to understand my obsession with the generation of visual form during 
the last few decades, I went back as far as possible in my memory towards my beginnings. 
As a child, I lived out in the country with my grandmother, whom I never saw read or 
write. She had knowledge, however, and recounted to me myths and folktales in unlimited 
numbers. She believed that stones were growing. When we walked to the local town, this was 
another time for listening, imagining, being in strange, impossible places; and seeing on the 
roadside the large stones, still growing! 
Since that time, I have not changed much. I still believe in myths, where the impossible 
is made possible. When solving a problem one starts with the impossible, a myth, even in 
adventurous experiments with form. One is compelled to ask fundamental questions. How does 
a form occur? Through imitation, borrowing from the past? By chance? Necessity? Or does it 
grow from a radical (radix, Gr. root) idea, in the process absorbing space-time, like a crystal, 
a tree, a mind? Does the emerging form embrace any values? Is it a product of the present? 
Does it display economy of means? Does the form exhibit--simultaneously--restraint, wo der, 
surprise? 
Through a mysterious transformation the list of questions became the program. At that 
time I was already on this continent inquiring into the complexities of the new environment. 
In my investigations I learned to think and act in terms of process-pattern; time-space; movement 
as one of the form-determinants; form as the biography of the process: "form follows proc- 
ess"[15,16]. 
My works at that time were three dimensional--two spatial dimensions plus one temporal. 
The chosen direction was to see the reality as a dynamic process generating various patterns in 
space-time. On another level I felt the need to integrate all I knew and felt: man-nature, 
science-art, East-West, conscious-unconscious. To do all that, I developed my own tech- 
nique[3,19]. 
Figure 2 shows three images. They are developed by coating a glass sheet with carbon 
black. In (a) and (b) oil has been used to distribute the carbon: in (b) the oil has been supplied 
in limited quantity, resulting in a closed system; in (a) the supply is unlimited. In both cases 
the glass sheet, in uninterrupted motion, has been subjected to gravity. In Fig. 2(c) the carbon- 
covered glass sheet is placed in a container with a liquid (an industrial thinner), which is slowly 
rising. The spiral pattern, through vibrations, generates itself. In all three cases the matter is 
organized through symmetry transformations: change of size (growth) and rotation[17]. 
My next question was how to join real time with three spatial dimensions. In search of 
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Fig. 2. (a)-(c) Three images from a selection presented at MIT, 1965. 
the answer a myth emerged: 
I came to the conclusion that everything I see, feel, think and touch has a common archetypal 
beginning, a primal seed, the ONE[18]. At he same time I managed to convince myself that 
the ONE would never be found and the mystery of becoming will be preserved forever. 
And yet, in my desire to show that it was at least possible to approach the myth, I became 
obsessed with the studies of nature's form-generating methods. In the attempt to find a method 
applicable to designing universal four-dimensional forms, one must come to terms with the 
rotation in space-time[20] (see Fig. 3). 
The phenomenon of rotation is observed across the whole spectrum of the known, from 
the infinitely small to the world observable with the unaided eye, and further yet, to the large 
and distant--the solar system, the Milky Way, other galaxies and cluster of galaxies. Our 24 
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hr rhythm, consciousness during the period of daytime, and unconsciousness during the night, 
are the result of rotation. 
Nature, as shown above, uses rotation on many levels to achieve infinite variety, while at 
the same time displaying reat economy: if the earth would not rotate, one sun would not be 
enough to sustain life as it is now. Therefore, in this study the method (rotation in space-time) 
is adopted and used to develop a system of visual forms all grown from a right-handed element. 
GENESIS OF THE ELEMENT 
To verify the applicability of a method, rotation, in designing and making a viable primary 
element, four alternatives have been tested since the late 1960s. The symmetries in the forms 
shown here emerged by the use of the fourth type of element as the one which promised the 
most connections. 
The element (Fig. 4) is cut off from a plank (material is of no importance), having cross- 
section dimensions 1 and V2:1  for the rational and measurable in man, N/2 for the irrational 
and immeasurable--that p rt of man that could not be described in whole numbers. After the 
first cut [Fig. 4(b)] the plank is simultaneously rotated and translated [Fig. 4(d)]. The second 
cut is made, resulting in a right-handed element [Fig. 4(e)], which is a volume between two 
stages in the generating process--between "before" and "after" in the rotational-translational 
movement--thus experiencing real time. My conjecture is that the element now has time as 
the fourth dimension. At the same time, the element has acquired memory (the helical movement) 
and behavior that could be predicted to grow in helical configurations. After the first element 
is made, a consequential single movement and cut would produce the next element. 
The right-handed element contains a promise of the opposite handedness. The computer 
image in Fig. 5 is ambidextrous: if the plane KLMN is chosen in the foreground, a right-handed 
element is seen, while plane KOPN in the foreground isplays a left-handed element. The 
promise of opposite handedness becomes real after a 180 ° rotation towards the right or left. 
The result in both cases is the same (Fig. 6). Indeed, as Fig. 7 shows, the mark of 180 ° could 
be achieved both ways--travelling from the zero point towards the left or right. As shown in 
Fig. 8, two different components, using two elements, are possible. They appear to display 
bilateral symmetry, but in this system it is an illusion. Each of the components has a single 
rotational symmetry axis; each one of them could be cut in half with a result of two left- or 
right-handed elements, thus exhibiting an ambidextrous inner nature. 
A triple-element building block is arrived at in two ways: rotating the plank towards right 
270 ° or rotating towards left 90 °. Larger building blocks are possible. For example, a unit 
consisting of four elements i  the result of a 360 ° rotation or no rotation at all. A unit of five 
elements has all the properties of one element, generating only longer components. 
TRIHEDRAL FORMATION 
In the inquiry only one formation, "trihedral," is investigated [Fig. 9(e)]. It consists of 
forms [outer appearance, Fig. 10(a)] all having the same internal structure, a tri-hedron--a 
Fig. 3. Simultaneous rotational nd translational movement. 
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Fig. 4. The making of the element. 
volume enclosed by three surfaces, arrived at by connecting 14 points in space [Fig. 10(b)]. 
The number of ways to arrive at the same structure is infinite; one could say at the same time 
that the number of forms is infinite. 
All the forms have the same properties. 
(1) They are the result of crossing 12 helical configurations in space-time. 
(2) They have projections ("buds") for further growth. 
(3) They display three-way rotational symmetry. 
(4) In further growth, new symmetries emerge in clusters of forms. 
(5) There are no bilateral symmetries. 
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Fig. 5. Ambidextrous computer image. 
The connections, used here, are as follows. 
(1) Surface, or part of it, to surface or part of it. 
(2) Edge, or part of it, to edge or part of it. 
(3) Vertex to vertex[21]. 
The arrangements of components, or as in some cases elements to elements, have been 
emerging, thus giving rise to an infinite number of configurations through the variety of con- 
nections. 
Fig. 6. Two different double-element components. 
Colored symmetries in space-time 901 
90* 
Fig. 7. Diagram of rotations. 
THE NEED FOR COLOR 
I have described, up to this point, the genesis of the right-handed element, and the peculiar 
nature of the double element. A short preview has been given of the predictable properties in 
the forms grown by the use of the element and its various connections, thus preparing for the 
ways in which the symmetries emerge. Then there is the question: how does a form grow? 
One of the planes enclosing the element is square. This leads one to use six elements to 
embrace a cubic void. The result is a component with three-way rudiments ("buds") that would 
invite three other similar components to join. Continuing the growth process, a single form 
emerges with different spatiotemporal patterns or symmetries (F~g. 11). 
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Fig. 8. Two ambidextrous components. 
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Fig. 9. Hierarchy of a system. 
Fig. 10. Form and structure. 
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Fig. 11. The trihedral pattern emerging from single-color elements.
There is an unexpected variety. For example, it is possible, using imagination and abstrac- 
tion, to count various helical configurations in different directions. What is lacking is a visible 
hint of the dynamic nature of the element, for it is generated through a dynamic process in 
space-time. Therefore, an additional color is included in the next exercise. 
EMERGENCE OF A DECAGON 
The same growth process of the elements is repeated as in Fig. 11. The only difference 
is that the top three elements are in color. In the final form all blue elements join in the same 
manner as the white ones, creating continuities. The blue bands twist around the whites, and 
the whites around the blues, testify to an inborn dynamic. The blue-white form will be used 
to analyse the trihedral formation, one of the subsystems for the system "A  Doctrine of One."  
The reason for choosing this two-color form, in comparison with other forms, is its simplicity, 
as it is possible to illustrate it on a fiat plane by photographs and computer graphics. It is still 
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possible to illustrate this form on a flat plane by photographs and computer graphics. The use 
of the concept of stereopsis i the next best way as described later in this paper. 
A ten-sided polygon (Fig. 12, lower centre) is abstracted from the blue-white pattern. By 
connecting the centres of cubes with straight lines, a decagon emerges--a two-way curved 
polygon. To simplify the presentation of the twisted decagon, it is assumed that it consists of 
straight planes, keeping the original centre of the polygon. Since the decagon could be built 
with the components consisting of double elements, enantimorphic polygons are possible, as 
shown in a diagrammatic view (Fig. 13). 
Figure 14 leads to the next spatiotemporal pattern. 
Fig. 12. The trihedral pattern emerging from two-color elements. 
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Fig. 13. Diagram of opposite handedness, 
Fig. 14. The genesis of trihedral form 
Fig. 15. Enantiomorphic trihedron structures. 
Fig. 16. Growth of trihedral form. 
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Fig. 17. Trihedral lattice. 
EMERGENCE OF TRIHEDRON 
The trihedron, a volume enclosed by three decagons, is also abstracted from the blue- 
white pattern. It has one rotational symmetry axis possible in its enantimorphic structure (Fig. 
15). Since each of the three decagons have two symmetry axes (one to form a primary trihedron, 
the other to form a secondary), the trihedron grows infinitely (Fig. 16). As a stereogram, Fig. 
16 is viewed by slightly crossing the eyes (observing the left image with right eye and right 
image with the left eye). The third image, a fusion of the two, will appear three dimensional, 
in the centre. 
In Fig. 17, a cubic structure is abstracted from the blue-white pattern and translated in a 
trihedral lattice, typical to all further forms in this paper (see Fig. 18). Inscribed in the cube 
Fig. 18. Views of trihedron; computer image. 
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Fig. 19. Thirteen axes of symmetry. 
in a dodecahedron, enclosed by 12 decagons. The analysis of the trihedral formations unfolds 
13 axes of symmetry (Fig. 19): (a) four 9-sided helical configurations; (b) three octagonal and 
tetragonal helical configurations; and (c) six hexagonal helical configurations (see Fig. 20). 
COLORED SYMMETRIES IN SPACE-TIME 
The true nature of the element fully unfolds in colored symmetries[22]. 
The plank, the same as in Fig. 4, is painted in four different colors and cut as in Fig. 4. 
a 
, . .  
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Fig. 20. Trihedron enscribed in a sphere; computer image. 
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Fig. 21. The same form, different color codings; elements A, B, 
C,D. 
Fig. 22. Genesis ofpoints (from top down): center of cube (invisible), 
center of hole, as crosspoint of lines. 
Fig. 23. Genesis of spatiotemporal pattern (form) displaying colored symmetries. 
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Fig. 24. Helical configurations and the arrangement of elements. 
Fig. 25. Stereogram of a trihedron. 
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Fig, 26. Selected trihedrons (views from above). 
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The form of the element has not changed, while the color coding gives four different elements: 
A, B, C, and D (Figs. 21,22). Only one component is shown expanded, to display the growth 
of color symmetries through various transpositions in space-time. At the same time, additional 
information emerges, e.g. another color combination (Fig. 23). The same form could be arrived 
at by first growing helical configurations with selected color coding A, B, C, D. Figure 24, 
top, shows the helical configuration. It starts with A (left side): 
ABCDABCDABCDA 
Only in the 13th position has A returned to its original position. The helical configurations in
other spatiotemporal patterns demonstrate he same property (Fig. 24, middle, bottom; see also 
Figs. 25-27). 
CONCLUSION 
This work is a prologue only. The future development is towards further complexity and 
the transposition of trihedral spaces using the same single-type right-handed element[23]. 
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